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20 t ion to provide a linear -copolymer of the 
polyamide type- and processes of prepar- 
ing the same with or without acid, ester, 
amino or other desired substituents. 

Other objects and advantages of this 
invention will be apparent from the 
following detailed description thereof. 

TVe have made the surprising discovery 
that o-amino acids, in the form of their 
X- carboxyl anhydride derivatives may be 
copolymerized with an amino : acid having 
at least 5 carbon atoms in a linear chain 
between the amino group and the carb- 
oxyl group to produce copolvmers of great 
industrial utility. 

Any *-amino"acid, N-carboxyl anhy- 
dride or mixture of such acids" may be 
employed as one of the starting reactants. 
Theacids have the. general formula 

KN — OH — OOOIT 
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40 .in whirl) E is an hydrogen atom or a 
monovalent alkyl, aryl or nrvlulkyl 
[Price 2/8 J . 



derivative thereof in which the amino 55 
group is linked to the carboxyl group by 
at least 5 carbon atoms is used. A mix- 
ture of such acids or derivatives thereof 
may be used, if desired. It is important 
. that the chain linking the amino group yo 
and the carboxyl group have at least 5 
carbon atoms in a linear chain, because 
otherwise there is tendency for intra- 
molecular reaction to take place between 
the Amino and carboxyl groups resulting (55 
in the non-formation of the desired .co- 
polymer. For example, saturated amino 
acids having the general formula 

H 3 N(CH 3 ) x C0OH 

in which X is equal to 5 or more may be 70 
used. Examples of amino acids voming 
within the scope of this invention are 11- 
amino undecanoic or undecylic acid, 10- 
aramo decanoic or decylic acid, and the 
f)-amino acids of other fatty acids contain- 75 
mg six or more carbon atoms. 

In carrying out the ropolyiueriijation 
the n-Qinmo acid in the form of its 
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We, Ohgaxico, a corporation organised 
under the laws of France, of 38, Avenue 
Hoche, Paris, France (Assignees of 
Ef:raim XLaczaXiSki), do hereby declare 
the nature of this invention and in what 
manner the same is to be performed, to 
be particularly described and ascertained 
in and by the following statement : — 

This invention relates to novel linear 
copolymers of the polyamide type. 

The self-polymerization of amino 
acids, e.g., e-aminocaproio acid and the 
polymeriza tion of dicarboxylic acids, such 
as adipic acid with diamines, such as 
hexamethylene diamino, results in chemi- 
cally inert linear polymers which cannot 
readily be converted to or produced in the 
form of an ester or salt. 

It is among the objects of this inven- 
tion to provide a linear 'Copolymer of the 
polyamide type and processes of prepar- 
ing the same with or without acid, ester, 
amino or otlier desired substituents. 

Other objects and advantages of this 
invention will be apparent from the 
following detailed description thereof. 

"We have made the surprising discovery 
that a-amiuo acids, in the form of their 
N-carboxyl anhydride derivatives may be 
copolymerized with an amino aoid having 
at least & carbon atoms in a linear chain, 
between the amino group and the carb- 
oxyl group to produce copolymers of great 
industrial utility. 

Any a-amino acid, N- carboxyl anhy- 
dride or mixture of such acids may be 
employed as one of the starting reactants. 
The acids have the general formula 

H 2 N— CH— COOK 



40 in which H 
monovalent 



is an hydrogen atom or a 
alkyl, aryl or arylulkyl 



radical, even containing a carboxy or 
amino group if that group is protected by 
esterification. Examples of such amino 
acids are glycine, alanine, leucine, nor- 45 
leucine, phenylalanine/ tyrosine, diodo- 
tyrosine, thyroxine, tryptophane, aspartic 
acid, glutamic acid, arginine and lysine. 
The a-aniino acid is not employed as such 
in carrying out the reaction, but in the 60 
form of its N"-carboxyl anhydride having 
the general formula 



0 = 0- 



— CH- 



[Price 2/8] 



As the other reactant an amino acid or 
derivative thereof in which the amino 56 
group is linked to the carboxyl group by 
at least 5 carbon atoms is used. A mix- 
ture of such acids or. derivatives thereof 
may be used, if desired. It is important 
that the chain linking the amino group yo 
and the carboxyl group have at least 5 
carbon atoms in a linear chain, because 
otherwise there is tendency for intra- 
molecular reaction to take place between 
the amino and carboxyl groups resulting 65 
in the non-formation of the desired co- 
polymer. For example, saturated amino 
acids having the general formula 

H a N(CH 3 ) x C00H 

in which X is equal to 5 or more may be 70 
used. Examples of amino acids «coming 
within the scope of this invention are 11- 
amino undecanoic or undecylic acid, 1U T 
amino decanoic or decylic acid, and the 
w-amino acids of other fatty acids contain- 75 
ing six or more carbon atoms. 

In carrying out the copolymerization 
the a-amino acid in the form of its 
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carboxyl anliydride is mixed with the 
other amino acid at a temperature prefer- 
ably just above that of the highest soften- 
ing or melting point of the two reactants, 
5 so that both reactants are in the liquid 
phase. The reaction takes place while the 
reactants are maintained at such tem- 
perature for a sufficient period of time to 
produce a copolymer having the desired 

10 molecular weight and other properties. 
Higher temperatures may be used, but in 
general such higher temperatures tend to 
cause decomposition particularly to the 
amino acid and should therefore be 

16 avoided. The reaction may be carried 
out under atmospheric sub or superatmo- 
spheric pressure conditions. The propor- 
tions in which the reactants are mixed 
will vary depending on the desired pro- 




40 in which p, g, v, s are integers which may 
be the same or different. The character 
of the substituent corresponding to 11, we 
have found, does not affect the reaction, 
and hence R can be any desired radical 

45 or group, e.g., carboxyl, ester, salt, alkyl, 
aryl, arylalkyl or amino. In this way 
polyamide copolymers are produced hav- 
ing in their side chains groups which im- 
part acidic, basic, aliphatic or aromatic, 

50 properties to the copolymer. 

By polymerizing, for example, 1,1- 
umino undecylic acid and glycine a co- 
polymer of melting point higher than 
that of the polymer of ll.-amino unde- 

55 cylic acid - is formed which copolymer 
produces fibers of increased strength as 
compared, for example, with nylon type 
fibers. On the other hand, by copoly- 
merizing a-amino acids having long side 

60 chains, for example, leucine, with an 
amino acid containing at least 5 carbon 
atoms separating the amino and carboxyl 
groups, a relatively low melting linear 
copolymer of the polyamide type is pro- 

65 duced suitable for use as a plasticizer. A 
wide variety of copolymers may be pro- 
duced the properties of which will depend 
upon the particular starting monomers 
and the conditions under which the eo- 

70 polymerization is carried out, namely, the 
proportions in which the reactants are 
mixed and the temperature and time of 
polymerization. The copolymers pro- 
duced may readily be drawn to produce 

75 fibers for textile and other manufactures, 
may be used in the plastics art, e.g., may 
be molded or extruded into desirable 
products, may he u<od a* inn exchanger*. 



perties of the copolymer and they are 20 
heated to a temperature such that the 
reactants are liquid, for example they 
may be heated to a temperature of from 
120 q to 250° C.'in an oil bath for a j-nv-iod 
of time sufficient to cause the reaction to 26 
take place, usually for 1 to 2 hours. The 
end of the reaction is indicated by cessa- • 
tion of water vapor evolution, and of 
carbon dioxide evolution when an X- 
earboxyl anhydride is used. 30 

When carrying out the reactiun the 
amino acid XH 2 (CH 2 ) X COOII r-ombines 
with the X-carboxyl anliydride of the «- 
amino acid, water vapor and carbon 
dioxide are evolved, the residue of the 35 
amino acid combines with the residue of 
the a-amino acid and a polyamide is 
formed of the general formula : 



NHtoy^coJ— |nh-ch-coJ oh 



plasticizers and have many other indus- 
trial uses. In general the copolymers 80 
produced have molecular weights in 
excess of 3000, preferably within the 
range of from 5000 to 50,000 and even 
higher. 

The following examples ore given for So 
purposes of illustration only. It will be 
understood this invention is not limited 
to these examples ill which the parts are 
given in weight. 

Examine I. 90 
100 parts of 11 -amino undecyliu acid 
were mixed with 80 parts t-N-carbobenz- 
oxy-«-earboxyl lysine anhydride. The 
carbobenzoxy derivative was used because 
it protects the e-amino group of lysine 95 
during the course of reaction and may be 
removed easily from the copolymer by 
reduction with phosphonium iodide. The 
mixture was melted in an oil bath and 
kept at 210° C. for an hour. TTater vapor 100 
find carbon dioxide were evolved and the 
yellowish clear mixture turned into a 
homogeneous viscous mass which solirii- 
Tied on cooling. 

The copolymer thus produced was 105 
purified by dissolving in benzyl alcohol 
and precipitating with methanol. 

50 parts of the eo]>olyiner were dis- 
persed in 200 parts of glacial acetic acid 
and a stream of -hydrogen bubbled 110 
through the dispersion. The mixture was 
kept at 50° f\ (00 parts of phosphonium 
iodide were added in three successive por- 
tions of AO ports each and the reduction 
continued for 2 hours. A <emi-solid 115 
si-paralcd out. (1m- *.np t .riial:iiil fluid was 
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rl counted and the residue washed with 
water until no iodine ions could be de- 
tected iu the washings. The resultant co- 
]K)lymer was soluble in glacial acetic acid 
5 and slightly soluble in water. It had" a 
melting point of 1(50° U. and an average 
molecular weight of about 8.000. 

The following data demonstrates that 
a copolymer was in fact produced and not 

10 a mixture of polyamino undecylic acid 
and poly-lysine. It is well known that 
poly-lysine is soluble in water, while 
polyamino undecylic acid is insoluble in 
water. Hence, a copolymer of lysine and 

15 1 l-ainino undecylic acid would be slightly 
soluble in water «as it contains only a 
small amount of free amino groups and 
should yield on hydrolysis free lysine (as 
should the mixture). The copolymer was 

20 found to be slightly soluble in water, to 



contain about h% free amino groups 
(determined by Van Klykes manoinetric 
method) and to yield on hydrolysis the 
expected percentage of lysine, namely, 
about 10% .• The wasliings gave a negative 25 
biuret reaction indicating no poly-lysine 
was* present. The comparison of all the 
above data establishes that the material 
subjected to test was in fact a copolymer. 

.Exaiipus II. 30 
3-J parts of N-carboxyl phenylalanine 
anhydride were mixed with 67 parts of 
11 -amino undecanoic acid and the mixture 
heated for 1 hour at 200° C. A trans- 
parent liquid was initially obtained which 35 
became more and more viscous as the 
liberation of carbon dioxide and water 
vapor took place, finally resulting in a 
solid copolymer having the following 
general formula 40 



. • ' o ' . 6 



in which p, tj, r, $ are integers, which 
may be the same or different, p+q has 
an average value equal to the number of 

45 reacting molecules. This copolymer was 
purified by dissolving in sulfuric acid and 
precipitating with water. It had a melt- 
ing point of about 160° 0. and an average 
molecular weight of about J&.'UOO. 

60 . The solubility of the copolymer in hot 
sulfuric acid establishes that it is in fact 
a copolymer and not a mixture of poly- 
pheny lalanine and polyamino undecanoic 
acid. Polyphenylalanine is readily soluble 

55 iu sulfuric acid, whereas polyamino un- 
decanoic acid is not soluble in sulfuric 
acid. Hence,, the treatment of a mixture 
of jmlyphenylalanine and polyamino un- 
decanoic acid with sulfuric acid should 

60 dissolve the polyphenylalanine while the 
polyamino undecanoic acid remains tin- 
dissolved. It was found that the total co- 
polymer produced in this example dis- 
solved in hot sulfuric acid. This may be 

65 attributed to the aromatic groups of the 
copolymer which" tend to make the whole 
molecule soluble in sulfuric acid. 

Example HI. 
100 parts of 11-aihino undecanoic acid 

/0 wore mixed with 10 parts N-carboxyl- 
glycine anhydride. The mixture was 
melted in an oil bath and kept at 220° 
0. for .'in hour. Water vapor and carbon 
dioxide were* evolved and the mixture 

75 turned into n homogeneous viscous mass 
which solidified on cooling. The soften- 



ing point of the resultant copolymer was 
about 190°— 200° d It had an average 
molecular weight of about 1S.00O. The 
copolymer was purified by dissolving in 80 
hot benzyl alcohol and precipitated by 
methauol. The copolymer yields on acid 
hydrolysis the expected amount of glycine 
and 11-amino undecanoic acid. This. fact 
and the relatively high melting point 85 
establish the formation of a copolymer. 

It will be noted this invention provides 
tt novel linear poiyainide copolymer which 
depending upon the nature of the «-amino 
acid 3T-earboxylic anhydride copolymer- 90 
ized with an amino acid containing at 
least 5 carbon atoms between the amino 
and carboxyl groups may have any de- • 
sired substituents and is therefore of wide 
industrial utility. 95 

In a communication to the Editor of 
the Journal of the American Chemical 
Society published on page 1551 of Vol. 
<09 (So. 0, June, 1947), It. B. Woodward 
and C. Y. Schramm disclose the prepara- 100 
tion of protein analogous *by thionic 
chain polymerisation of the . "anhydrides 
of !N"-carboxy "-amino acids. 

What we claim is : — 

J . A process of producing linear poly- 105 
amide copolymers by heating in the liquid 
phase a mixture of an anhydride of an 
N-rarboxyl a-amino acid with an «w-amino 
acid having at least six carbon atoms in 
ti< molerule. 110 

2. A process as claimed in claim 1 in 
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which the 2T-earboxyl anhydride reaetant 
has the formula 



0 = C- 



ni T — ch— co 



in which R is a monovalent radical. 

3« A process as claimed in either of 
the preceding claims in which the heating 
is carried out at temperature maintained 
just above the melting point of the higher 
melting of the two reactants. 

4. A process as claimed in claims 2 or 
3 as applied to the reactants 11-amino 
undecyhc acid and :tf-«-earbobenzoxy-a- 
rarboxyl lysine anhydride and wherein 
the reaction is carried on at about 210° C. 



o. A process as claimed in claims 2 or 16 
3 as applied to the reactants X-carboxyl- 
phenyl-alanine anhydride and 11-amino 
undecanoic acid and wherein the reaction 
xs carried on at a temperature af 210° C. 

0. A process as claimed in claims.2 or 20 
3 in which the reactants are 11-amino ~ 
undecanoic acid and N-carboxyl glycine 
anhydride and wherein the reaction is 
carried on at a temperature of 210° C. 
7. A process substantially as described. 26 
Dated the 14th day of April, 1949. 
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London, W.C.2, 
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Xew York, U.S.A. 
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